Purpose: To describe a patient with an amelanotic choroidal melanoma, originally misdiagnosed as a choroidal granuloma, following his systemic diagnosis of tattoo-associated sarcoidosis. Observations: The amelanotic choroidal tumor, suspected to be a granuloma, failed initial steroid treatment. Fullthickness chorioretinal biopsy demonstrated histologic presence of uveal melanoma and tumor genetics via GEP analysis demonstrated a PRAME negative, Class 1A lesion. The amelanotic choroidal melanoma was treated successfully with I-125 plaque brachytherapy. Conclusion and importance: Despite a systemic diagnosis which predisposes a patient to uveal granuloma, amelanotic choroidal melanomas can still occur and should be considered. The association of uveal melanoma and sarcoidosis remains rare and of unclear significance.
Introduction
Uveal melanoma (UM) is the most common primary intraocular malignancy; however, it is rare with an estimated incidence of 5-6 cases per million population per year.
1,2 UM has a higher prevalence in older, non-Hispanic, Caucasian men, 3 but can present in younger individuals nonetheless. Metastasis is highly associated with tumor size, location, and genetic characteristics. 4 The differential diagnosis for an amelanotic choroidal tumor is broad including both malignant and benign diagnoses: amelanotic melanoma, nevus, metastasis, hemangioma, peripheral exudative hemorrhagic chorioretinopathy (PEHCR), sclerochoroidal (SC) calcification, osteoma, granuloma, lymphoma, solitary idiopathic choroiditis (SIC). Patient characteristics such as sex, age, laterality, and base size can help narrow the differential, with melanoma occurring typically in older individuals and metastasis occurring primarily in patients with a known history of systemic cancer. Amelanotic choroidal melanomas are more likely to be unilateral with a larger basal diameter, subretinal fluid, and a hollow appearance on ultrasound. Despite the predilection for older individuals, young males with an amelanotic choroidal tumors with a base ≥8 mm most likely will present with melanoma (80%), hemangioma (8%), or metastasis (5%). 5 However, preexisting systemic diagnoses can bias the differential such as sarcoidosis with an associated choroidal granuloma.
Tattoo-associated sarcoidosis has a male predominance, asymptomatic and nonspecific presentation, with dermatopathologic diagnosis based on the relative abundance of epithelioid histiocytes, giant cell infiltration, and the number of foreign bodies. 6 Several lines of evidence support the hypothesis that tattoo ingredients or metabolites may be immunogenic agents that promote autoimmunity in those with genetic predisposition to developing sarcoidosis. Tattoo ingredients are poorly regulated with variable pharmacokinetic properties dependent on tattoo color. This may explain the predominance of sarcoidosis in red and black tattoos. 6 For example, sarcoidosis may account for roughly 30% of papulo-nodular tattoo reactions in black tattoos, and newer tattoos may induce widespread reactions in other black tattoos of the same individual. 7 The chemical composition of tattoo dyes includes agents that are potent immunotoxins, and may be chemically unstable when exposed to UV radiation. 8 Proteins such as metallothionein, which can bind to metal elements in tattoo dyes, may play a role in tattoo granuloma formation. 9 Furthermore, though intended to stay in the skin, tattoo ingredients may be carried by blood or lymphatics to other organs such as the liver. 10 In fact, half a century ago, tattoo sarcoidosis and uveitis were hypothesized to be caused by allergens absorbed from tattoos which accumulate in the uvea, 11 The presence of tattoo-associated sarcoidosis complicates the interpretation and management of concomitant ocular pathology. Since choroidal granuloma can be the initial presentation of systemic sarcoidosis 13 a trial of systemic corticosteroids is a less-invasive and practical approach to differentiating choroidal sarcoid granuloma from malignancy. 14 Ocular manifestations occur in 25-80% of patients with sarcoidosis, and of those with ocular involvement 30% involve in the posterior segment. 15 Early estimates suggest only 5% of patients with ocular sarcoid have posterior segment findings in the absence of anterior chamber disease, 16 however, this finding may be limited to anterior uveitis in association with chorioretinitis, periphlebitis, or chorioretinal nodules in ocular sarcoid. More recent work suggests patients with acute choroidal granulomas from sarcoidosis are in fact more likely to present without associated anterior uveitis. 17 The authors were surprised by the biopsy results of melanoma, because of the high pretest probability for choroidal granuloma in this patient with an amelanotic choroidal lesion and a pre-existing diagnosis of tattoo-associated sarcoidosis.
Case report
A thirty-three-year-old Caucasian male presented with an amelanotic choroidal mass in his amblyopic right eye with an associated asymptomatic exudative retinal detachment, with concern for ocular sarcoidosis in the right eye. Three months prior, he had noticed a bump in his right arm within the area of a large tattoo. This was later diagnosed as dermatologic sarcoid following a full thickness skin biopsy. The patient had concomitant lung disease and was placed on oral corticosteroid therapy. A routine asymptomatic complete eye examination Posterior segment ultrasound demonstrates a domeshaped choroidal lesion with low to medium echogenicity and an inferior exudative detachment. F. Superior-inferior oriented optical coherence tomography demonstrates a choroidal lesion with an overlying exudative detachment. demonstrated a choroidal mass for which he was referred for ocular oncologic opinion. Intraocular pressure was 11 mmHg in the right eye and 13 mmHg in the left eye. Best-corrected visual acuity was 20/70+ with no improvement on pinhole in the right eye, and 20/40 in left eye. The anterior segment was without abnormalities bilaterally. Examination of the posterior segment in the left eye was unremarkable. The posterior segment in the right eye had no vitritis. There was a subretinal mass 1 mm from the foveola with overlying fluid seen in fundus photography in (Fig. 1) . There was an inferotemporal associated serous retinal detachment affecting the fovea. OCT of the macula of the right eye showed retinal elevation consistent with subretinal fluid over the lesion with a foveal thickness of 234 μm. Autofluorescence from orange pigment was increased peripheral to the lesion in the right eye, with fluorescein angiography showing consistent early leakage from the mass. Posterior segment ultrasound demonstrated an acoustically hollow choroidal tumor with a base of 9.1 mm × 8.2 mm and a thickness of 2.6mm. There was an associated retinal detachment observed on ultrasound. Based on the prior history of sarcoidosis, the patient was given 80mg prednisone daily to treat a presumptive choroidal granuloma. Over the next month, visual acuity and posterior fundus examination were largely unchanged, with worsening ocular discomfort and increased subretinal fluid. Due to the lack of resolution of the choroidal granuloma with steroid treatment, the patient was offered chorioretinal biopsy with partial resection of the tumor down to bare sclera. Cytopathology revealed atypical spindle cells consistent with melanoma. Immunohistochemical staining showed tumor cells positive for SOX-10, Melan-A, patchy HMB45, weak and patchy S100 staining, with negative AE1/AE3, SMA, p63, consistent with malignant melanoma (Fig. 2) . The specimen was hypocellular; however, flow cytometry was not concerning for lymphoproliferative etiology (small population of B cells with no evidence of monoclonality, normal kappa:lambda ratio, no CD5 or CD 10 co-expression; few T cells with normal expression of pan T-cell antigens and normal CD4:CD8 ratio). Genetic analysis was performed at the time of biopsy on the unlikely chance that melanoma was diagnosed pathologically. The tumor had a molecular signature consistent with Class 1A melanoma (DecisionDx-UM, Castle Biosciences, Phoenix AZ). Treatment options including enucleation, episcleral plaque therapy, and proton beam therapy were discussed, and the patient elected for brachytherapy. An I-125 plaque designed to deliver 85 Gy to the tumor apex was placed with the help of Plaque Simulator software. The plaque was removed after 72 hours and proliferative vitreoretinopathy was managed with repeat vitrectomy, inferior retinectomy, endolaser and silicone oil infusion. Several days after plaque removal, visual acuity in right eye was counting fingers, with normal intraocular pressure and no residual pain. No metastases secondary to the uveal melanoma have been identified one year following radiation, and the patient's systemic corticosteroid therapy has been tapered.
Discussion
Uveal melanoma has been associated with myriad epidemiological factors 18 including familial cancer susceptibility, 19, 20 nevi, 21 and xeroderma pigmentosum. 22 Despite these dermatological associations, the links between choroidal melanoma and systemic conditions such as sarcoidosis, are as yet incompletely defined. To our knowledge, this is the first case of amelanotic melanoma occurring in a patient with known tattoo-associated sarcoidosis. Amelanotic choroidal tumors have a broad differential which complicates diagnosis in management. In this patient, prior history of sarcoidosis misdirected the initial diagnosis towards ocular granuloma. Diagnostic uncertainty in these cases is further complicated by documented associations between sarcoidosis and various hematologic and solid tumor malignancies including skin melanoma and nonmelanoma skin cancers. 23 Moreover, patients with malignancy can have "sarcoid reactions" in which non-caseating epithelioid-cell granulomas are found in lymph nodes draining malignant tumors. 24 There are reports of systemic malignancies predating ocular sarcoid-like reactions, systemic malignancy found after diagnosis of ocular sarcoid-like reactions, and ocular malignancy predating systemic sarcoid-like reaction. 25 These findings suggest some malignancies may lead to paraneoplastic syndromes which promote formation of noncaseating granulomas. Equally likely is a shared genetic predisposition to developing both sarcoidosis and malignancy. For example, a gene from the PRAME family, implicated as an independent prognostic in uveal melanoma 26 was identified via whole-exome sequencing as a commonly linked gene in familial sarcoidosis. 27 In a similar vein, vitreous fluid of eyes with uveal melanoma may have upregulated cytokines and chemokines 28, 29 which could prime the complex immune cell dysregulation behind sarcoidosis. The presence of toxic compounds and potential carcinogens in tattoo ingredients 8 may have promoted both autoimmune and carcinogenic changes in this patient. Ultimately, the association of uveal melanoma and sarcoidosis remains rare and of unclear significance, and the associated tattoo reaction here further muddies the water.
Conclusions
The association between sarcoidosis and systemic malignancy was speculated over one century ago. 30, 31 Despite this early hypothesis, the association remains unclear. In the current case, the short three-month window between the diagnosis of sarcoid and the discovery of a choroidal melanoma obscured the conclusion that sarcoidosis directly preceded the development of the neoplasm. Nevertheless, this case highlights the importance of a broad differential ophthalmic diagnosis in patients with amelanotic choroidal tumors despite a pre-existing systemic condition such as sarcoidosis.
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